Entransy is a parameter proposed in recent years to describe the potential of heat in an object. Its balance equation was established based on the energy equation of heat transfer, which contains entransy, entransy flow, entransy dissipation and entransy production due to heat source. It has been proved that the total entransy must be reduced whenever there is heat transfer in an isolated system, leading to entransy dissipation. Entransy dissipation and entransy-based thermal resistance can be used to optimize heat conduction, heat convection, thermal radiation and the design of heat exchangers and heat exchanger networks. On the other hand, the entransy balance equation was also established for heat-work conversion processes. With the equation, entransy loss, which is the difference between the input and output heat entransy flows, was defined and related to thermodynamic processes. For the discussed thermodynamic cycles, it was found that larger entransy loss leads to larger output work.
Introduction
The analyses, enhancement and optimizations of heat transfer and heat-work conversion have been attracting attention because of the energy crisis (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Several theories have been developed in the last decades for these topics, such as the entropy generation minimization (8) , the uniformity principle of temperature difference field (9) , the field synergy principle (10) and the entransy theory (4) .
The entropy generation minimization was related to the optimal heat transfer and the entropy generation was applied to the optimization design of heat exchangers (8) . However, the entropy generation paradox was also noted in analyzing the balanced counter flow heat exchangers (8) . The heat exchanger effectiveness ε does not always increase with decreasing entropy generation number. Instead, it decreases with reducing entropy generation number for ε ∈ [0, 0.5]. Especially, the entropy generation number is zero when ε is zero. It was explained that the behavior in the ε→0 extreme is neither expected nor intuitively obvious, and the vanishing entropy generation number seen in the limit is first and foremost a sign that the heat exchanger disappears as an engineering component (8) . Therefore, the ε→0 limit will never happen in practical applications. However, this explanation is not satisfactory in the vicinity of ε ≤ 0.5 in the balanced counter flow heat exchanger because ε can be sometimes around ε ≤ 0.5 in practical applications. Shah and Skiepko (11) found that the heat exchanger effectiveness can be maximum, intermediate or minimum at the maximum entropy generation in their discussion of eighteen different kinds of heat exchangers. Qian et al. (12) also observed that the entropy generation number increases first and then decreases with the increase of the number of heat transfer units in the heat exchangers. Cheng et al. (13) (14) (15) demonstrated that the entropy generation of the heat exchangers and heat exchanger networks first increases and then decreases with the increase in effectiveness and heat transfer rate. Therefore, the entropy generation minimization does not always lead to optimal heat transfer. The entropy generation minimization has also been widely used to analyze and optimize heat-work conversion processes (5, 8, (16) (17) (18) (19) (20) (21) . For instance, Bejan (8) minimized the entropy generation rate of the thermal power plant to increase the output power. Myat et al. (19) found that minimizing entropy generation in absorption cycle leads to the maximization of the COP of the absorption chiller. However, there are also some results that show exceptions of entropy generation minimization to the analyses and optimizations of heat-work conversion. Klein and Reindl (20) showed that minimizing entropy generation rate does not always result in the same design as maximizing the performance of the refrigeration systems unless the refrigeration capacity is fixed. Cheng et al. (21) found that the entropy generation cannot be related to the output work in the air standard cycle when the heat is supplied by the gas fuel combustion. Hence, the applicable conditions of the entropy generation minimization to the analyses and optimizations of heat-work conversion need further discussions. The uniformity principle of temperature difference field was developed for the heat exchanger optimizations (9) . According to the principle, a more uniform temperature difference field will lead to higher heat exchanger effectiveness when the number of heat transfer units and the ratio of the heat capacity flow rates are prescribed. The principle has been verified by numerical simulations, theoretical analyses and experiments (9) , and applied to the optimization design of heat exchangers (22, 23) .
The field synergy principle was developed for the enhancement of heat convection (10) . The principle indicates that the heat transfer rate is not only related to the velocity of the fluid and the temperature gradient, but also related to the synergy degree between the fluid velocity and temperature gradient. This principle has also been applied to heat convection enhancement (10, 24, 25) .
The entransy theory was developed by the analogy between heat conduction and electrical conduction, in which the concept of entransy corresponds to the electrical potential energy in a capacitor (4) . Based on this concept, Guo et al. (4) and Cheng et al. (26) proved that the entransy always decreases during any practical heat transfer process. The decreased entransy was named entransy dissipation, and describes the irreversibility of heat transfer (26, 27) . Guo et al. (4) derived the minimum entransy dissipation principle for fixed heat flow boundary conditions and the maximum entransy dissipation principle for fixed temperature boundary conditions. These two principles are referred to as the extremum entransy dissipation principle. The equivalent thermal resistance was further defined based on the entransy dissipation (4) and the extremum entransy dissipation principle was then evolved into the minimum entransy-dissipation-based thermal resistance principle. The minimum entransy-dissipation-based thermal resistance principle indicates that smaller thermal resistance leads to better heat transfer performance. These principles of the entransy theory have found applications in optimizing heat conduction (4, (28) (29) (30) (31) (32) , heat convection (4, 27, (33) (34) (35) , thermal radiation (36, 37) and the design of heat exchangers (12, 13, 15, 38, 39) and heat exchangers networks (14, 15) , and no paradox similar to the entropy generation paradox is noticed up to now (12, 13, 15, 38) .
The entransy theory was extended to the analyses and optimizations of heat-work conversion processes. Cheng et al. (5, 21, 40, 41) proposed the concept of entransy loss, which is the difference between entransy flow into the system and that out of the system, and is also the sum of the entransy dissipation due to the irreversible heat transfer and the entransy variation due to the work doing processes (i.e. work entransy). Entransy loss is the cost for heat-work conversion. In the analyses of the irreversible Brayton cycle (5) , the air standard cycle (21) , the one-stream heat exchanger networks (40) and the endoreversible Carnot cycle (41) , it was found that the concept of entransy loss can be used to describe the change in output power of the systems, and the increase in entransy loss rate corresponds to the increase in output power.
Based on the entransy theory, the uniformity principle of temperature difference field for heat exchangers was proved by Song et al. (42) and Cheng et al. (13) . Song et al. (42) found that the maximum heat transfer rate corresponds to the uniform temperature difference field with prescribed entransy dissipation, while the minimum entransy dissipation corresponds to the uniform temperature difference field with prescribed heat transfer rate. Cheng et al. (13) set up the mathematical relation between the uniformity factor of temperature difference field and the effectiveness of heat exchangers, and proved that larger uniformity factor of temperature difference field always goes with a smaller entransy-dissipation-based thermal resistance and a higher effectiveness. For the field synergy principle, Yuan and Chen (35) found that the heat convection optimization results from the entransy theory and the field synergy principle are the same for fixed viscous dissipation rate with a prescribed temperature boundary condition. However, when the heat fluxes of the boundaries are prescribed, only the optimized flow field based on the entransy theory could be used to optimize the heat convection, whereas the optimization based on the field synergy principle makes no sense (35) .
From the above introduction, it can be seen that the applicability of the entropy generation minimization to the analyses and optimizations of heat transfer and heat-work conversion is conditional. The uniformity principle of temperature difference field can only be used to analyze heat exchangers, while the field synergy principle can only be used to improve heat convection with prescribed temperature boundary condition. The entransy theory is appropriate for the analyses and optimizations of heat transfer. Furthermore, the latest research shows that this theory can also be used to analyze and optimize thermodynamic cycles.
In this paper, we review and discuss the researches on the applications of this theory to heat-work conversion processes, as well as the basic concepts and equations of entransy theory and the latest researches on heat transfer to keep the integrity of introduction. There are publications that review the development of entransy theory (43, 44) . In 2007, Guo et al. (4) first adopted the word, entransy, to describe the quantity in heat conduction that corresponds to the electric energy stored in a capacitor and summarized its application in heat conduction and convection. In 2011, Chen et al. (43) further included the development in turbulent heat convection optimization and heat exchangers. Chen (44) summarized its application in heat conduction, heat convection, thermal radiation, heat exchanger design, mass transfer, etc. The emphases were on the comparison between entropy generation rate and entransy dissipation rate, the combination of the extremum entransy dissipation principle with the finite time thermodynamics, the combination of the extremum entransy dissipation principle with the heat conduction constructal theory, and the combination of the extremum entransy dissipation principle with the heat convective constructal theory. This paper focuses on the development of entransy theory in heat-work conversion processes and the latest process of the theory in heat transfer.
Entransy
The analogy between electrical conduction and heat conduction has been often used to solve complex steady-state or transient heat conduction problems since last century (45) . The concept of entransy was proposed based on the analogy (4) , in which heat corresponds to electrical charge, temperature corresponds to electrical potential, thermal resistance to electrical resistance, the Fourier's law for heat conduction corresponds to the Ohm's law, and entransy corresponds to the electrical potential energy. For an object at equilibrium state, its entransy is defined as
where T is the temperature, c v is the specific heat capacity at constant volume, m is the mass, and U is the internal energy of the object,
The physical meaning of entransy is the "potential energy" of heat from the analogy. Cheng et al. (47) analyzed several kinds of potential energy in nature, such as the geopotential energy, the electrostatic potential energy and the chemical potential energy, and concluded that all these kinds of potential energy can be expressed as half of the product of a conservative extensive quantity and the corresponding intensity quantity when the extensive quantity is related to the intensity quantity. As can be seen from Eq. (1), the concept of entransy is half of the product of the conservative extensive quantity U and the corresponding intensity quantity T, indicating that entransy is also a kind of potential energy. To explain this point, we can make a comparison between the geopotential energy of water in a container and the entransy in an object. As shown in Fig. 1 , the geopotential energy of the water in the container can be expressed as
where g is the local gravity acceleration, H is the height of the water (gH is the geopotential, which is the intensity quantity), and m W is the mass of the water (the conservative extensive quantity), which can be calculated by
where V W is the water volume, ρ W is the water density, and A W is the basal area of the container. Comparing Eq. (1) with Eq. (3), we can find that gH corresponds to T, while m W corresponds to U. Equation (3) is the geopotential energy of the water in a container; correspondingly, Eq. (1) is the "potential energy" of heat in an object.
Fig. 1 Water in a container
On the other hand, we can also define the differentiation of entransy as (46) 
(5) The integration of Eq. (5) leads to Eq. (1) when Eq. (2) is tenable.
Entransy dissipation and its application to heat transfer

Entransy dissipation and irreversibility of heat transfer
The heat transfer processes are discussed with the concept of entransy below. Cheng et al. (26) proved that the entransy decreases during heat transfer in an isolated system. As shown in Fig. 2 (26) , the isolated system is composed of two subsystems. The volumes of the subsystems and the internal energy of the system are invariant. The heat capacity, mass and temperature of subsystem 1 are c 1 , m 1 and T 1 respectively, while those of subsystem 2 are c 2 , m 2 and T 2 . There is a plate with ideal heat insulation between the subsystems and there is no energy transfer between the subsystems before the plate is taken away. At an instant, the plate is removed and there is then heat transfer between the subsystems. The entransy change when a small amount of heat δE is transferred between the subsystems, ΔG, can be calculated. With the Clausius expression of the second law of thermodynamics, it can be found that (26) 
Fig. 2 Sketch of heat transfer in the isolated system (26) Considering the case in which the heat capacity of one subsystem is infinite and the case in which both heat capacities are infinite, Wang et al. (46) found that Eq. (6) is still tenable. It means that the entransy of the system will never increase during heat transfer. This is the entransy decrease principle in heat transfer. The decreased entransy is named entransy dissipation. The entransy decrease principle indicates that entransy dissipation always exists in heat transfer (26) .
Furthermore, we can prove that the entransy decrease principle is equivalent to the second law of thermodynamics in heat transfer. If the entransy decrease principle holds and δE is assumed to be positive, Eq. (6) shows that
As the first term on the left-hand side is a small quantity and can be ignored, there must be T 2 < T 1 . It can be seen that the second law of thermodynamics and the entransy decrease principle hold at the same time. On the other hand, if the entransy decrease principle were not held, ΔG could be positive. Therefore, the left part of Eq. (7) should be positive if we also assume that δE is positive. As the first term on the left-hand side is a small quantity and can be ignored, there must be T 2 > T 1 , which means that the heat δE is transferred from a low temperature object to a high temperature one. Therefore, if the entransy decrease principle did not hold, the second law of thermodynamics did not hold, either. The concept of entransy dissipation can also be derived from the energy conservation equation of heat transfer. The energy conservation equation for heat conduction is
where ρ is the density, t is time, q is heat flux density vector, and Q v is the heat source per unit volume. Multiplying Eq. (8) by T and introducing Eq. (1) and the Fourier's law lead to (4, 48) 
where k is the thermal conductivity, G v =ρc v T 2 /2 is the entransy per unit volume, the two terms in the square bracket are the net entransy flow into the element from the boundary heat exchange and heat sources, and the last term (without minus sign) is the entransy increment. Equation (9) indicates that the entransy in a differential element is not conserved. Part of the entransy flow from the boundaries and heat sources is converted to the entransy of the element, and the rest is dissipated (48) . The dissipated part is called entransy dissipation, which is the left part of Eq. (9). For heat convection, the energy balance equation is
where u is the fluid velocity vector, and Φ is the viscous dissipation. Multiplying Eq. (10) with temperature and introducing Eq. (1) and the Fourier's law lead to (4, 48) ( ) ( )
where the first term (including minus sign) on the right hand side is the net entransy flow into the element with the fluid through its boundary, the second term (including minus) is the net entransy flow into the element due to boundary heat exchange, the third term is the entransy flow into the element from heat sources, the forth term is the entransy source due to viscous dissipation, and the last term (without minus sign) is entransy increment with time. Obviously, the entransy in the differential element is not conserved, either. Not all the entransy flows from boundaries and heat sources is converted to the entransy of the differential element, and the entransy dissipation always exists. Entransy dissipation can describe the irreversibility of heat transfer because it indicates the course of heat transfer.
Extremum entransy dissipation principle and its application to heat transfer optimizations
The heat transfer processes can be optimized with concept of entransy dissipation. Equations (9) and (11) are the entransy balance equation for heat conduction and heat convection, respectively (4) . For steady heat conduction, there is
The integration of Eq. (12) over the whole heat conduction region leads to (4, 13, 14) (
where G dis is the entransy dissipation rate of the whole region, V is the volume, A is the surface area, and n is the normal vector of the surface. The heat transfer rate of the region can be defined as
where A in is the area of the boundary through which heat flow transfers into the region, while A out is that of the boundary through which heat flow goes out of the region. If the heat source is treated as a special boundary, the equivalent temperatures of the boundaries through which the entransy flows go into and out of the region are defined as
Then, Eq. (13) can be rewritten as (4) ( )
where ΔT is the equivalent heat transfer temperature difference. It can be seen that the maximum entransy dissipation rate leads to the maximum heat transfer rate for prescribed equivalent heat transfer temperature difference, while the minimum entransy dissipation rate leads to the minimum equivalent heat transfer temperature difference (4) . This is the extremum entransy dissipation principle for heat conduction. This principle has been applied to the analyses of many heat conduction problems (4, (28) (29) (30) (31) (32) (49) (50) (51) . Here, we take the Volume-to-Point problem (4, 51) as an example to show its application. As shown in Fig. 3(a) , the length of the rectangular is L, and the width is H. In the area, there is a uniform heat source whose total generated heat flow is Q. The boundaries of the area are adiabatic, except for the outlet of the heat flow whose temperature is T 0 and width is W. A certain amount of high thermal conductivity material is to be distributed in the area, and its distribution should be optimized so as to decrease the average temperature of the area. From Eq. (15), T out is T 0 and T in is the average temperature of the area because the boundaries of the volume are adiabatic except for W. As the total heat transfer rate Q and T 0 are fixed, Eq. (16) shows that the minimum entransy dissipation rate corresponds to the minimum T in .
As the amount of the high thermal conductivity material is limited, there is
The extreme value of the entransy dissipation rate under this limitation can be calculated by setting up the Lagrange functional,
where the Lagrange multiplier λ is constant. When the entransy dissipation rate reaches its minimum value, there is ( )
Therefore, we have (4, 51) const T λ ∇ = − = . (20) This is the principle of uniform temperature gradient field for the Volume-to-Point problem. Chen et al. (51) obtained the optimized distribution of the high thermal conductivity material with this principle, which leads to the minimum average temperature of the volume. The results are shown in Fig. 3(b) . Their results are also compared with those from the simple uniform distribution (Fig. 3(c) ) and those from the principle of minimum entropy generation ( Fig. 3(d) ). The average temperature of the distribution in Fig. 3(b) is the lowest. Similar to the steady heat conduction, the entransy dissipation rate of steady heat convection can be expressed by ( ) ( ) 
Assuming that the fluid is incompressible, the integration of Eq. (21) over the whole heat convection region leads to (4, 13, 14) dis
where G f-in is the entransy flow rate into the heat convection region with the fluid, while G f-out is that out of the region with the fluid.
(a) (b) (c) (d) Fig. 3 Volume-to-Point heat conduction problem and different distributions of the high thermal conductivity material (51) : (a) volume configuration; (b) distribution from the extremum principle of entransy dissipation; (c) simple uniform distribution; (d) distribution from the principle of minimum entropy generation.
For the closed heat convection systems, G f-in and G f-out are both zero, so we have
Similar to Eq. (15), the equivalent temperatures of the boundaries through which the entransy flow flows into and out of the region can be defined as 
be found that the extremum entransy dissipation princ ction systems. For the open systems, the heat transf erature difference between the boundaries and the fluid The extremum entransy dissipation principle for h ize the flow field with given constraints, for instance, ransfer can be improved with given cost of pressure l synergy equation, was derived by conditional va mum entransy dissipation principle. The optimum v fer performance and least flow resistance increase c gy equation (52) . Fig. 4(a) is a typical numerical result 400) (52) . Compared with the fully-developed lamin ar tube, the flow viscous dissipation is increased b ased by 313% in the case of Fig. 4(a) . The numeric udinal vortex flow is the optimal flow pattern for lam e-inclined ribs tube (DDIR-tube) was designed to im Fig. 4(b) is a typical cross-sectional vortex flo iments have demonstrated that the DDIR-tube have wer resistance increase (52) . Its Nusselt number can be ance increase of 120-300% compared with those of la tube length/diameter = 300) with inlet effect considere (a) Circular tube (b) Fig. 4 Optimization examples of the entransy theory fo
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) DDIR-tube or heat convection in tubes (52) heat convection has also been on, and the results show that the at transfer performance (33, 53) . For transy dissipation principle could give higher heat transfer rate in laminar convective heat transfer with prescribed boundary temperature. For thermal radiation, Cheng et al. (36, 37) also developed the corresponding extremum entransy dissipation principle, and showed this principle is more appropriate for the optimizations of thermal radiation than the entropy generation minimization. From the above discussion, it can be seen that the extremum entransy dissipation principle is effective for heat transfer optimizations because what we concern is the efficiency or rate of heat transfer in heat transfer.
Minimum thermal resistance principle and its applications to heat exchangers and heat exchanger networks
The driving force of heat transfer is the temperature difference, and the corresponding flow is the heat flow rate. Based on the entransy dissipation, the thermal resistance can be defined as
It can be seen that the extremum entransy dissipation rate corresponds to the minimum thermal resistance. So, the extremum entransy dissipation principle is equivalent to the minimum thermal resistance principle. The minimum thermal resistance principle has been used to analyze and optimize heat exchangers (12, 13, 15, 38, 39) . For two-stream heat exchangers, it was found that the thermal resistance decreases monotonically with increasing effectiveness and smaller thermal resistance leads to larger heat transfer rate if the effectiveness is fixed (15) . There is no paradox when the concept of entransy theory is used to analyze two-stream heat exchangers, similar to the "entropy generation paradox" (12, 13, 15, 38, 39) . Compared with the concepts of entropy generation number (8, 54) , revised entropy generation number (55, 56) and entransy dissipation number (57) , the concept of thermal resistance is the most appropriate for the analyses and optimizations of two-stream heat exchangers (15) . For three-stream heat exchangers, Cheng et al. (13) also found that the minimum thermal resistance leads to the best performance of the heat exchangers. The minimum thermal resistance principle has also been applied to the analyses and optimizations of heat exchanger networks (14, 15, 58, 59) . The relations between the effectiveness, exchanged heat and the thermal resistance are the same as those of heat exchangers. The variations of entropy generation numbers are also the same as those for heat exchangers.
Entransy loss and its application to thermodynamics
Entransy balance equation of thermodynamic processes
The entransy theory has also been extended to the analyses and optimizations of heat-work conversion processes. As shown in Fig. 5 , the working fluid receives heat flow rate Q H from the high temperature heat sources, and releases heat flow rate Q L to the low temperature heat sources. After a thermodynamic cycle, the work W is output. For the working fluid, the first law of thermodynamics gives
where δQ is the absorbed heat, dU is the change of the internal energy and δW is the output work. Multiplying Eq. (29) by the temperature of the working medium, T, results in (5, 60) 
where the term on the left-hand side is named heat entransy flow as it is associated with heat δQ, the first term on the right-hand side is the entransy change of the working medium, and the second term on the right is called work entransy flow as it is associated with work δW (5) . Considering Eq. (5), we have
where δG E is the heat entransy flow, and δG W is the work entransy flow. The integration of Eq. (31) over a thermodynamic cycle yields
where G E is the net heat entransy flow into the working fluid, and G W is the total work entransy flow. As the working fluid returns to the initial state when a cycle is finished, the entransy of the working fluid will not change. Therefore,
The net heat entransy flow into the working fluid all turns into the work entransy flow, or is all consumed in the work doing process. The net heat entransy flow in Eq. (33) comes from the heat sources. When the heat flow rate Q H is absorbed from the high temperature heat sources, the entransy flows into the working fluid, while the entransy flows out of the working fluid when Q L is released to the low temperature heat sources. When heat is transferred from a high temperature body to a low one, entransy dissipation is produced (4, 26) . Therefore, some of the net entransy flow from the heat sources is dissipated if there is temperature difference between the heat sources and the working medium, while the rest flows into the working fluid. Then, we can get
where G H is the entransy flow from the high temperature heat source, and G L is that released into the low temperature heat source. Considering Eq. (33) leads to
It can be found that the some of the entransy flow from the high temperature heat source is dissipated during heat transfer, some is used to do work and turns into the work entransy flow, and the rest is released into the low temperature heat source. This is the entransy balance equation for thermodynamic processes (5) .
Fig. 5 Thermodynamic process
Entransy loss and its applications to heat-work conversion optimizations
Equation (35) indicates that the difference between heat entransy flows into and out of the system is equal to the sum of the entransy dissipation and the work entransy flow, and is the loss of heat entransy flow. Therefore, the concept of entransy loss is defined as (5) loss
The practical thermodynamic processes can be divided into to two necessary parts: (1) the work doing process in which heat is converted to work; (2) the heat transfer process whose objective is to provide heat for the work doing process. Inevitably, the work entransy is produced during the work doing process, which leads to the loss of the heat entransy from the heat reservoirs. Similarly, the entransy dissipation is produced during the heat transfer process, which will lead to the loss of the heat entransy from the heat reservoirs. The heat entransy loss is the necessary cost for the heat-work conversion process.
For the thermodynamic process in Fig. 5 , there may be many high temperature heat sources and low temperature heat sources. We can define the equivalent temperatures of the high and low temperature heat sources as
where G H and G L are the entransy flow rate from the high temperature heat sources and that into the low temperature heat sources, respectively. Then, the entransy loss rate can be expressed by
Considering the energy conservation,
It can be seen that the maximum entransy loss rate corresponds to the maximum output power with prescribed Q H , T H and T L . The discussion on the relationship between the entransy loss rate and the output power for the reversible Carnot cycle demonstrated that the entransy loss rate increases with increasing output power (5) . Therefore, larger entransy loss leads to larger output power. For the thermodynamic systems in which the working fluid is heated by streams, the relationship between the entransy loss rate and the output power has been set up (5) ,
where n is the number of the streams, C i is the heat capacity flow rate of the ith stream, T in-i is the inlet temperature of the ith stream, and T 0 is the temperature of the environment. When C i , T in-i and T 0 are given, larger entransy loss rate also leads to larger output power. The entransy loss analyses has been applied to the analyses and optimizations of the irreversible Brayton cycle (5) , the air standard cycle (21) , the one-stream heat exchanger networks (40) , the endoreversible Carnot cycle (41) , the Stirling cycle (61) and the Rankine cycle (62) . The results show that the principle is appropriate for the analyses and optimizations of heat-work conversion processes (5, 21, 40, 41, (60) (61) (62) . The entransy loss optimization has also been compared with the minimum principle of entropy generation in heat-work conversion optimizations, and the results show that larger entransy loss always leads to larger output power for the discussed cases, while smaller entropy generation does not always (21, 40, 42) .
For instance, the irreversible Brayton cycle shown in Fig. 6 was analyzed with the entransy loss (5) . In the cycle, the heat flow rate Q H is absorbed by the working fluid from the high temperature stream, the heat flow rate Q L is released to the low temperature stream, and the output power is W. The heat capacity flow rate, the inlet and outlet temperatures of the high temperature stream are C H , T H-in and T H-out , respectively, while those of the low temperature stream are C L , T L-in and T L-out , respectively. For the cycle working fluid, its heat capacity flow rate is C m . At the initial state, its temperature is T 1 . After the first isentropic process, its temperature rises to T 2 , then the working medium is heated by the high temperature stream and its temperature gets to T 3 . The next process is the second isentropic process during which the mechanical work is produced and the temperature of the working medium decreases to T 4 . Finally, the working medium is cooled by the low temperature stream and return to the initial state.
When C H , C L , C m , T H-in and T L-in are prescribed, the variations of the output power, entropy generation rate and entransy loss rate with the temperature of the working fluid are shown in Fig. 7 . The results show that the maximum entransy loss rate and the minimum entropy generation rate both relate to the maximum output power of the cycle (5) , which means that both the entransy loss and the entropy generation can be used to optimize this cycle.
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anger network (40) s rate and the entropy generation e hot stream (40) s rate and the entropy generation ot stream (40) based on generalized heat transfer ts also show that the concept of conversion optimizations (41) .
Conclusions
The development of entransy concept and its applications to the analyses and optimizations of heat transfer and heat-work conversion are summarized and discussed.
The concept of entransy was proposed based on the analogy between electrical conduction and heat conduction. Entransy is the potential energy of heat stored in an object, corresponding to the electrical potential energy in a capacitor. The entransy decrease principle was introduced, that entransy will never increase during spontaneous heat transfer. It indicates that entransy dissipation always exists in heat transfer processes. Entransy dissipation can be used to describe the irreversibility of heat transfer. The extremum entransy dissipation principle was developed based on entransy dissipation. The principle indicates that the maximum entransy dissipation rate leads to the maximum heat transfer rate for prescribed equivalent heat transfer temperature difference, while the minimum entransy dissipation rate leads to the minimum equivalent heat transfer temperature difference. The equivalent thermal resistance was defined with the concept of entransy dissipation, and then the extremum entransy dissipation principle evolves into the minimum thermal resistance principle, which shows that the minimum thermal resistance leads to the best heat transfer. The concept of thermal resistance has been used to analyze and optimize heat exchangers and heat exchanger networks.
In heat-work conversion processes, the entransy balance equation has been derived. Some of the heat entransy flow from the high temperature heat source is dissipated during heat transfer, some is used to do work and turns into the work entransy flow, and the rest is released into the low temperature heat source. Based on the equation, the concept of entransy loss was developed and applied to the analyses and optimizations of some thermodynamic processes. The results show that the concept of entransy loss is applicable for heat-work conversion analyses and optimizations.
